in characterization of the exposure. While all forms of asbestos have been determined to cause mesothelioma, 2 there is evidence that the quantitative risk of mesothelioma varies with asbestos fibre type, with higher unit risks usually observed for exposure to commercial amphibole asbestos minerals (mainly amosite and crocidolite) than for exposure to chrysotile asbestos. 2, 4 The magnitude of the risk of mesothelioma from exposure to chrysotile is particularly relevant because chrysotile comprises the vast majority of the asbestos produced worldwide and is currently the only form of asbestos that is legal for use in many countries. However, the small number of study populations exposed only to chrysotile that have both enough mesothelioma cases for analysis and individual quantitative exposure data further limits the ability to investigate exposure-response relationships for mesothelioma and chrysotile.
The largest occupational cohort that has been studied for the effects of exposure to chrysotile includes asbestos miners and millers in Québec,
Canada. The last follow-up of this cohort though 1992 included over 10 000 workers and observed 38 deaths from mesothelioma 5 ; a standardized mortality ratio (SMR) for mesothelioma was not reported due to lack of suitable reference rates, however. More recent studies of other occupational cohorts exposed to chrysotile have reported elevated
SMRs based on smaller numbers of mesothelioma deaths: seven deaths from pleural cancer were observed among 1056 men used at a chrysotile mine in Balangero, Italy, with an SMR of 5.5 (95% CI, 2.2-11.4), 6 and three mesothelioma deaths among 865 asbestos textile workers in Chongqing,
China gave an SMR of 45.5 (95% CI, 9.4-132.8). 7 Three mesothelioma deaths were also observed among 3072 asbestos textile workers in South Carolina, USA, but no SMR or exposure-response analysis was reported for mesothelioma in that cohort. 8 To investigate quantitative relationships between mesothelioma risk and exposure to chrysotile asbestos, we carried out further analyses of mortality and exposure data from an established cohort of asbestos textile workers in North Carolina; we previously reported SMRs of 10.9
(95% CI, 3.0-28.0) and 12.4 (95% CI, 3.4-31.8) for mesothelioma and cancer of the pleura, respectively, each based on four deaths, in that cohort. 9 Here, we investigate quantitative relationships with several metrics of exposure, including time since first exposure, duration of exposure, and cumulative exposure and fit an absolute-risk model used for risk assessment by US occupational and environmental health agencies.
| METHODS

| Population and vital status ascertainment
The study population and facilities have been described previously. 9 Briefly, men and women employed for at least 1 day between 1950 and 1973 in three North Carolina mills that produced asbestos yarns and woven goods from raw fibres were enumerated from company records and files held by state and national health agencies. A fourth, smaller plant that did not process raw fibres was also included in the original study, but did not have adequate exposure data and is excluded from this analysis. 
| Data analysis
The analysis included 5387 workers who were employed for at least 
TSFE 10 TSFE 10 D . 3 3 To estimate the coefficient K, we fit the preceding equations to individual-level data as a generalized linear model with an identity link function and Poisson error structure similar to that described by Berman and Crump. 4 Statistical analyses were carried out using the glm and mgcv packages in the R system.
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| RESULTS
Descriptive data for the 5397 workers included in the study population are shown in Table 1 Table 2) . Adding a term for the third power of TSFE did not improve model fit, and neither TSFE or its third power was significant. When cumulative exposure was added to the model for TSFE, the effect of TSFE remained essentially the same and there was no significant association with cumulative exposure (Table 2) . A term for the interaction of TSFE and cumulative exposure was also nonsignificant and did not improve model fit (data not shown). Fitting a smooth curve to the data for TSFE suggested a linear relationship with the log-RR of pleural cancer mortality with RRs below unity for TSFE < 20 years (Figure 1 ).
In a model for cumulative exposure, lagged 10 years, the RR for pleural cancer mortality per 100 f-years/mL was 1.15 (95% CI, ) per f-year/ml (AIC 150.12).
Analysis of mesothelioma mortality in the subcohort still at risk as of 1999 showed patterns qualitatively similar to the full cohort: Rate ratio per 100 f-years/mL, adjusted for race and length of follow-up.
positive associations were observed with exposure duration, TSFE and cumulative exposure ( ) per f-year/mL in the subcohort.
| DISCUSSION
Among North Carolina asbestos textile workers exposed to chrysotile, we observed positive, statistically significant associations between mortality from pleural cancer (including mesothelioma) and time since first exposure to asbestos, duration of exposure, and cumulative asbestos fibre exposure. These associations were greater in magnitude in analyses restricted to years on study after 1999 when mesothelioma was coded as a specific cause of death, but the precision of the estimated associations was reduced. The relationship of pleural cancer mortality rates and cumulative chrysotile exposure appeared to be curvilinear by cancer registries 11 or in histopathological case series 21, 22 to data from matched death certificates. The results suggest substantial under-ascertainment during that time period: roughly 60% to 80% of mesotheliomas were mentioned on death certificates, while as few as 12% were coded as the underlying cause of death. 10 These studies also found that 20% to 30% of deaths coded on death certificates as cancer of the pleura and about 50% of those coded as cancer of the peritoneum had no mention of mesothelioma in cancer registry records Davis et al. 10 and that about 8% of mesotheliomas mentioned on death certificates were misdiagnoses of other cancers, most often lung cancer. 22 Thus, it is possible that death certificate data from before the ICD-10 include some false-positive mesotheliomas while underestimating mesothelioma occurrence overall. The addition of a unique code for mesothelioma in the ICD-10 appears to have led to substantially improved, but still incomplete, ascertainment, with about 80% correspondence between incident mesothelioma in the SEER registry and certified mesothelioma deaths in the years 1999 to 2000. 23 We sought to reduce undercounting of mesothelioma in the cohort by examining death certificate data for mesothelioma mentioned in any field and for codes often applied to mesothelioma in the pre-ICD-10 period. Nevertheless, the strengthening of associations with all exposure indicators when the analysis was restricted to years after adoption of the ICD-10 is consistent with nondifferential under-ascertainment of mesothelioma deaths in earlier years. These findings should be viewed with caution, however, as the subcohort that survived until 1999 included only 8% of total person-years and favoured workers hired later, followed longer, and with lower cumulative exposures. Further follow-up would improve the ascertainment mesothelioma in the full cohort.
In conclusion, our observations of positive, statistically significant associations of pleural cancer and mesothelioma mortality with cumulative exposure to chrysotile asbestos fibres, as well as with the duration of exposure and time since exposure, support the conclusion that chrysotile causes mesothelioma and provide quantitative data for risk assessment. Similar exposure-response analyses of mesothelioma in other cohorts exposed to chrysotile are encouraged.
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